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HYBRID TENSION-LEG RISER 

REFERENCE TO RELATED APPLICATION 

[0001] This application claims the benefit of U.S. Provisional Patent Application 
No. 60/415866 filed October 3, 2002. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to the field of offshore petroleum 
operations, in particular, to a deepwater riser system intended for use in conjunction 
with a surface production facility. Specifically, the invention relates to a fluid transfer 
system for use in offshore hydrocarbon producing operations, which makes use of a 
self-standing hybrid production riser system as the supporting tension-leg mooring for 
one or more steel-catenary risers (SCRs), thus allowing both local and remote subsea 
production and export in a single system. 

BACKGROUND OF THE INVENTION 

[0003] Deepwater hydrocarbon production requires that significant obstacles be 
overcome, especially in the area of transfer of the various produced fluids. There are 
several types of flowlines or "risers" which can be used to enable this fluid transfer. 
For drilling and production purposes, the offshore body of water can be thought of as 
having two zones whose characteristics control which type of risers are practical 
therein. The wave zone, within approximately 100 meters of the surface, is 
characterized by the continuous motion and substantial forces which vessels and risers 
passing through the zone experience, due to the effects of near surface conditions such 
as wind, tides, and currents. These constant motions and forces exert fatigue-inducing 
stresses upon risers that traverse the wave zone, especially rigid risers. Therefore, 
flexible risers are best suited for use within the wave zone. In the deepwater zone, 
approximately 300 meters from the surface and deeper, the constant motions 
characteristic of the wave zone are substantially reduced; instead this zone is 
characterized by significant hydrostatic pressure which risers therein must withstand. 
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[0004] There have been several different riser systems proposed for use in 
deepwater hydrocarbon production. Some of these systems attempt to use a single 
type of riser, and others combine different riser types to enable fluid communication 
throughout both the wave and deepwater zones. Each of these methods has 
shortcomings which are overcome by the present invention. 

[0005] Two methods have been proposed which were designed to overcome the 
difficulties of deepwater production while using a single type of riser. For example, 
one system involves the use of a flexible riser system from the production pipelines or 
subsea manifold on the marine bottom to the floating facilities. The major limitation 
of this method is that in order to withstand the hydrostatic pressure and high tensile 
loads present in the deepwater zone, these flexible risers are limited to relatively small 
interior diameters. 

[0006] Another deepwater production method, that also teaches the use of a riser 
system with a single riser type, involves the use of steel catenary risers (SCRs). In 
this method a steel pipeline is laid along the sea floor and curved gently upward in a 
catenary path through the wave zone and connected directly to the floating vessel on 
the surface. The disadvantages inherent in this method are that: 1) the weight of such 
a steel catenary riser system must be borne by the floating vessel; 2) the steel catenary 
risers must be thickened to withstand the effects of the wave zone {which results in 
even more weight} ; 3) the steel catenary risers are still subject to fatigue caused by the 
near surface effects, which could necessitate large-scale repairs which would be very 
difficult and expensive because of the depths at which they must be performed. 

[0007] Deepwater hydrocarbon production therefore lends itself readily to a riser 
system employing two different types of risers, one set of risers designed to withstand 
the hydrostatic pressures of the deepwater zone and the other set of risers designed to 
withstand the constant and varying forces and motions of the wave zone. Two 
methods have been proposed which were designed to overcome the difficulties of 
deepwater production with riser systems that employ two different types of risers. 
The first such method, referred to as a hybrid riser tower, consists of a rigid section 
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which extends vertically from the sea floor to a fixed position below the wave zone 
and a flexible section which is comprised of flexible pipe flowlines ("jumpers") that 
extend from the top of the rigid section, through the wave zone, to a floating vessel on 
the surface. A submerged buoy is typically used to maintain the rigid section of the 
hybrid riser tower in a substantially vertical position. 

[0008] The other two-type riser system consists of steel catenary risers and 
flexible pipe jumpers used to enable fluid communication between the sea floor and 
the surface of a body of water. In this method, a submerged buoy is used to support 
the upper end of the SCR(s) at a location substantially below the wave zone. Flexible 
pipe jumpers extend from the top of the rigid (SCR) section, through the wave zone, 
to a floating vessel on the surface. 

[0009] By using risers designed to withstand the characteristics of the two zones 
encountered in deepwater hydrocarbon production, both of these two-type riser 
systems are improvements over the single type riser systems discussed above. There 
remains, however, a need for a riser system that allows both local and remote fluid 
communication in deepwater applications. 

BRIEF SUMMARY OF THE INVENTION 

[001 0] The present invention provides a fluid transfer system for use in offshore 
hydrocarbon producing operations comprising: a hybrid riser tower that extends 
upwardly from the sea floor to a location substantially below the wave zone of the 
body of water; a variable buoyancy device, to which the upper end of the hybrid riser 
tower is attached, capable of maintaining the hybrid riser tower in a substantially 
vertical orientation; one or more steel catenary risers extending upwardly from the sea 
floor and attached at their upper ends to the variable buoyancy device; and one or 
more flexible pipe jumpers extending from the variable buoyancy device to a surface 
production facility such that fluid flow is enabled between the flexible pipe jumpers 
and the hybrid riser tower and the steel catenary riser. 
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[001 1] In another embodiment a process is provided for transferring fluids in 
offshore hydrocarbon producing operations, comprising the steps of: installation of a 
hybrid riser tower, including attaching a variable buoyancy device to the upper end of 
the hybrid riser tower, where the buoyancy of the variable buoyancy device is first 
reduced so that its net buoyancy does not exceed the design tension limit of the hybrid 
riser tower; installation of one or more steel catenary risers extending upwardly from 
the sea floor and attached at their upper ends to the variable buoyancy device, where 
the buoyancy of the variable buoyancy device is increased in order to support the steel 
catenary risers, while keeping the net buoyancy below the design tension limit of the 
hybrid riser tower; and attaching the lower ends of a plurality of flexible pipe jumpers 
to the variable buoyancy device and the upper ends to a surface production facility in 
such a manner as to allow fluid flow between the risers and the surface production 
facility. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

[0012] The present invention and its advantages will be better understood by 
referring to the following detailed description and the attached drawings in which: 

[001 3] Fig. 1 is an elevation view of an embodiment of the invention where the 
variable buoyancy device supports a hybrid riser tower and steel catenary risers; 

[0014] Fig. 2 is an elevation view of another embodiment of the invention where 
the variable buoyancy device also supports steel catenary risers dedicated to importing 
and exporting fluids to remote locations; 

[0015] Fig. 3 is an enlargement of a portion of Figure 1 illustrating a 
compartmentalized embodiment of the variable buoyancy device and the fluid 
communication system attached thereto; 

[001 6] Fig. 4 is an elevation view of another embodiment of the invention where 
the variable buoyancy device supports an additional hybrid riser tower; 
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[0017] Fig. 5 is an elevation view of another embodiment of the invention where 
mid-depth transfer lines enable fluid communication to an offloading buoy; 

[0018] Fig. 6 is an elevation view of another embodiment of the invention where 
mid-depth transfer lines enable fluid communication to a second surface production 
facility; 

[0019] Fig. 7 is an elevation view of another embodiment of the invention where 
the variable buoyancy device is further secured by mooring lines as shown; 

[0020] Fig. 8 is a sectional view of an embodiment of the hybrid riser tower of the 
invention illustrating the elements therein; 

[0021 ] Fig. 9 is an elevation view of a prior art hybrid riser tower, shown for 
illustrative purposes only; 

[0022] Fig. 10 is an elevation view of a prior art steel catenary riser system, 
shown for illustrative purposes only. 

DETAILED DESCRIPTION OF THE INVENTION 

[0023] In the following detailed description, the invention will be described in 
connection with its preferred embodiments. However, to the extent that the following 
description is specific to a particular embodiment or a particular use of the invention, 
this is intended to be illustrative only. Accordingly, the invention is not limited to the 
specific embodiments described below, but rather, the invention includes all 
alternatives, modifications, and equivalents falling within the true scope of the 
invention, as defined by the appended claims. 

[0024] The invention comprises a method and an apparatus for enabling local and 
remote fluid communication in an offshore deepwater environment. The invention 
involves the use of a variable buoyancy device to support both a hybrid riser tower 
system and a steel catenary riser (SCR) system. In other words, the buoyancy element 
of the hybrid riser tower system also serves as the underwater termination location 
and the support for the upper end of the SCR(s). Due to the fact that the SCR(s) 
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require buoyancy support on the order often times greater than that required for a 
typical hybrid riser tower, the buoyancy device must have a much greater maximum 
buoyancy. Therefore, it is necessary to reduce the buoyancy of the buoyancy device 
during installation of the hybrid riser tower to avoid exceeding the design tension 
limit of the hybrid riser tower. Then, the buoyancy of the buoyancy device must be 
increased as the SCR(s) are installed, in order to provide the necessary support. 
Flexible pipe jumpers are then installed to enable fluid communication between the 
surface production facility and the upper terminations of both the hybrid riser tower 
and the SCR(s). Although the surface production facility in each of the examples that 
follow is a floating production vessel, the flexible pipe jumpers can also terminate at 
moored surface facilities or at an unloading buoy. In addition, the buoyancy device 
may support mid-depth transfer lines to or from another production or unloading 
facility. 

[0025] Fig. 1 illustrates a fluid transfer system allowing fluid communication 
between a surface production facility 11 and both a local production zone 17 and a 
remote production zone 15. A variable buoyancy device 12 supports both a hybrid 
riser tower 13 and a steel catenary riser (SCR) system 14. Flexible pipe jumpers 18 
are connected to the variable buoyancy device 12 and to the surface production 
facility 11. The hybrid riser tower 13 is secured through a foundation or mooring 16 
to the sea floor 10 and is connected to local production zone 17 and to variable 
buoyancy device 12. Steel catenary riser(s) 14 extend from a remote production 
zone 15 to the variable buoyancy device 12. The flexible pipe jumpers 18 transfer 
fluids between the hybrid riser tower 13 and SCR 14 terminations at the variable 
buoyancy device 12 and the surface production facility 11. 

[0026] Fig. 2 illustrates another embodiment of this invention useful for enabling 
fluid export to remote locations, including export to onshore facilities. The 
components of this embodiment are the same as in the embodiment illustrated in 
Fig. 1 except that in this embodiment, a steel catenary riser(s) 21 is attached to and 
supported by variable buoyancy device 12 such that the other end of the riser 
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terminates at a remote export location. Flexible pipe jumpers 18 transfer fluids 
between the surface production facility 11 and the variable buoyancy device 12, so as 
to enable fluid communication between the surface production facility 11 and the 
remote export location. 

[0027] Fig. 3 illustrates a close up of an embodiment of the variable buoyancy 
device 12 of Fig. 2. In this embodiment, the buoyancy of the variable buoyancy 
device 12 is varied through the controlled flooding and blowing out of the 
compartments 31 illustrated. The overall buoyancy required to support both the 
hybrid riser tower 13 and the SCR(s) 14 (and possibly 21) is significantly greater than 
the overall buoyancy force required to support only a hybrid riser tower. It is 
necessary to reduce the buoyancy of the variable buoyancy device 12 during 
installation to prevent exceeding either the mooring limits of mooring 16 or the design 
tension limit of the hybrid riser tower 13. After the hybrid riser tower 13 is installed, 
the SCR(s) 14 are attached one at a time. As the SCR(s) 14 are installed, the buoy 
compartments 31 filled with seawater are blown out to compensate for the additional 
weight of each SCR(s) 14 as they are attached. After the SCR(s) 14 are secured to the 
variable buoyancy device 12, flexible jumpers 18 are attached so as to allow fluid 
communication between the risers terminating at the buoy and the floating production 
vessel 11. The flexible jumpers 18 are able to withstand the sustained motions and 
stresses inherent in the wave zone. Alternatively, the installation process can be 
reversed, whereby the SCR(s) 14 are attached to the variable buoyancy device 12 first, 
then the hybrid riser tower 13 would be attached, which would require the flooding 
and subsequent blowing out of fewer compartments 31 of the variable buoyancy 
device 12. 

[0028] Fig. 4 illustrates another embodiment of the invention useful for either 
later encountered local production zones 42 or local production requirements in excess 
of the flow capabilities of the hybrid riser tower 13. The components of this 
embodiment are the same as in the embodiment illustrated in Fig. 2 except that in this 
embodiment, a second hybrid riser tower 41 is also attached to and supported by the 
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variable buoyancy device 12. This second hybrid riser tower 41 enables fluid 
communication between the surface production facility 11 and additional local 
production zones 42. 

[0029] Fig. 5 illustrates another embodiment of the invention useful for enabling 
the unloading of produced fluids at additional surface locations. The components of 
this embodiment are the same as in the embodiment illustrated in Fig. 2 except that in 
this embodiment, a mid-depth transfer line 51 enables fluid communication between 
the fluid transfer system of the invention and an offloading buoy 52. The offloading 
buoy 52 is secured to a plurality of anchors 54 by a mooring system 53. 
[0030] Fig. 6 illustrates another embodiment of the invention useful for enabling 
unloading of produced fluids to additional surface production facilities. The 
components of this embodiment are the same as in the embodiment illustrated in 
Fig. 2 except that in this embodiment, a mid-depth transfer line 61 enables fluid 
communication between the fluid transfer system of the invention and a second 
surface production facility 62. 

[0031] Fig. 7 illustrates another embodiment of the invention with alternate means 
of ensuring that the design tension limit of the hybrid riser tower 13 is not exceeded. 
The components of this embodiment are the same as in the embodiment illustrated in 
Fig. 2 except that in this embodiment, additional mooring lines 71 are installed 
directly from the variable buoyancy device 12 to the sea floor 10. 
[0032] Fig. 8 illustrates a cross section of the hybrid riser tower 13. This 
illustration depicts the various common components of a hybrid riser tower: 
umbilical 81, foam insulation 82, production risers 83, injection riser 85, and the 
carrier pipe structural member 84. In order to increase the design tension limit of the 
hybrid riser tower, an alternative embodiment of the invention incorporates a 
strengthened carrier pipe structural member 84 designed to provide a higher tensile 
strength. In this embodiment, the carrier pipe structural member 84 can be designed 
to provide a portion of the maximum buoyancy force of the variable buoyancy 
device 12. This portion can be a fraction of the maximum buoyancy force or it can 
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exceed the maximum buoyancy force depending upon embodiment specific design 
considerations. The additional tensile strength of the carrier pipe structural 
member 84 provides a greater safety margin during the installation of the SCR(s), 
especially during the deballasting of the variable buoyancy device. 

[0033] Fig. 9 illustrates an embodiment of a prior art hybrid riser tower, for 
illustrative purposes only. In this illustration, a surface facility 95 is connected 
through flexible pipe jumpers 94 to buoy 91 and therefore to hybrid riser tower 92 
which is supported by buoy 91 and moored 93 at the sea floor 10. 
[0034] Fig. 1 0 illustrates an embodiment of a prior art steel catenary riser system, 
for illustrative purposes only. In this illustration, surface facility 105 is connected 
through flexible pipe jumpers 105 to buoy 101 and therefore to SCR 102 which is also 
supported by buoy 101. Mooring chain 104 secures the buoy 101 to a foundation or 
mooring 103 on the sea floor 10. 

[0035] The foregoing description has been directed to particular embodiments of 
the invention for the purpose of illustrating the invention, and is not to be construed as 
limiting the scope of the invention. It will be apparent to persons skilled in the art that 
many modifications and variations not specifically mentioned in the foregoing 
description will be equivalent in function for the purposes of this invention. All such 
modifications, variations, alternatives, and equivalents are intended to be within the 
spirit and scope of the present invention, as defined by the appended claims. 



